Comment on "Relating atomic-scale electronic phenomena to wave-like quasiparticle 


states in superconducting Bi2Sr2CaCu20 
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In a recent article [1], McElroy et al. argued that 
the peaks observed by scanning tunneling measure- 
ments in the reciprocal space of the spatial modula- 
tion of local density-of-states (LDOS) in superconducting 
Bi2Sr2CaCu208 can be understood as due to quasiparti- 
cle interference between regions of high DOS on the Fermi 
surface. They proposed an "octet" model and have man- 
aged to describe many essential features of the peaks. In 
their paper, they pointed out that the location of the 
peaks possess mirror symmetry about the lattice axes 
and diagonals. In this Comment, we point out that there 
should exist a further symmetry, the umklapp symme- 
try in a periodic lattice. As a consequence, some extra 
peaks which were not mentioned by the authors, should 
exist within their model and may have escaped from be- 
ing detected. Moreover, these peaks can also disrupt the 
distinguishability of individual peaks. 

In Fig. 1, we have illustratively shown some direct 
and umklapp scattering wavevectors in the octet model 
at a bias voltage. The location of the wavevectors 
has now additional reflection symmetries about qx,<ly — 
±7r, ±37r, ±57r, etc. There are two kinds of nonequiva- 
lent umklapp generated peaks. Focusing on the quadrant 
< qx < TT and < qy < tt (peaks in other quadrants are 
obtained through symmetry operation on this), an extra 
peak denoted by q'^ is seen on the lattice axis when the 
bias voltage exceeds a threshold. Peak q^ was reported in 
Ref. 1 but 55 was not. Since umklapp symmetry is dic- 
tated by the lattice and estabished by say, angle-resolved 
photoemission spectroscopy, q'^ should exist correspond- 
ingly. More disturbingly, there also exists an umklapp 
partner of (74 (denoted by q'^) which may touch 52,6) or 
vice versa speaking. We draw the attention of the read- 
ers to the fact that it was mentioned in Ref. [1] that 54 
had been hard to detect, and we propose that this may 
be due to the close neighboring of two peaks. 

In conclusion, there should exist umklapp peaks to 
complete the quasiparticle interference picture, and those 
peaks may already have disrupted current data analysis. 
The crowding in of the umklapp peaks into the quad- 
rant can make the peaks hard to discern above some bias 
voltage. Raising the temperature at a fixed bias voltage 
will also be detrimental to the peaks, since the supercon- 
ducting gap is closed and as a result the umklapp peaks 
crowd in. This could be part of the reason of the observed 
degradation of those peaks at higher biases mentioned in 
Ref. [1]. 


(-1,2) 


(-1,1) 


(a) 

1 

1 


"14/ 
1 1 1 



(1,2) 


(1,1) 


- (1,0) 


(-1,-1) 


2.0 


1.0 


0.0 i 


kJ(Kla) 
— -f ' 


(1,-1) 


\ 9 • . • \ / 


•••••• 


95 • ^, 


^4 


i x 


-2.0 


-1.0 


0.0 


-m — • I • — •- 

1.0 


2.0 


FIG. 1. (a) Some scattering wavevectors due to the octet 
model. Vectors discussed by McElroy et al. [1] are shown in 
blue, and the umklapp vectors are in red. (b) Location of all 
the wavevectors. The umklapp vectors are in red. 
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